A major preoccupation for the design of the LMJ laser is the mirrors laser damage threshold.
INTRODUCTION
The development and use of high-power lasers such as the Mégajoule laser (LMJ) in France aroused a strong interest for specific mirrors likely to be submitted to extremely high fluences, like, for example, the so-called pick-off mirrors, for the half-Turn of the LMJ.
In practice, it can be noticed that the electron-beam deposited mirrors manufactured according to the state-of-the-art techniques show a defect density incompatible with the fluence requirements.
During a previous study, SAGEM SA demonstrated that the use of advanced technologies such as superpolishing and Ion Beam Sputtering enables high laser damage threshold mirrors to be manufactured : laser damage thresholds higher than 50 J/cm2 at 1064 nm and 3 ns pulse duration.
These mirrors which use T;OISiO2 materials had been integrated in a prototype BEAMLET cavity of the LLNL at the beginning of 1995. Yet, these mirrors proved to be highly sensitive to their environment and their laser damage threshold was reduced in case of surface contamination.
It was suggested that a high refractive index material other than TaO5 can be used for mirror manufacturing. This high refractive index material was selected based on the following assumption: during the laser shot, the absorption of the contaminants generates a high local temperature increase which causes a damage. The point here is to replace the Ta205 material by another more refractory one, such as Hf02, in order to limit the impact of the temperature increase.
The purpose of this study was firstly to manufacture single Hf02 layers and each test performed was representative of a set of deposition parameters such as deposition rate, oxygen partial pressure and target material, and secondly, to characterize these layers in order to determine both the impact of these parameters on the laser damage threshold of these layers and the deposition conditions for the manufacture of the HfOISiO2 mirrors. The test equipment characteristics are the following:
LOSCM absorption and scattering test equipment: 3 available wavelengths for the pump laser. For 1064 nm, the lOOim diameter laser is scanned over a 1mm2 surface by 250 j.tm steps.
SMA-IPN LYON absorption test equipment: 3 available wavelengths for the pump laser. For 1064 nm, the diameter of the pump laser is: 70 Lm, Scattering test equipment of the SMA-IPN LYON: 3 available wavelengths for the pump laser. For 1064 nm, the 1 mm diameter laser is scanned over a 0 70 mm surface by 1mm steps.
All damage tests were carried out on LASCAR facility with the following characteristics:
• pulsed YAG laser : 12.5 Hz,
• pulsewidth : 3 ns,
• wavelength : 1064 nm,
• peak fluence : 50 J/cm2,
• maximum energy : 700 mJ,
• beam diameter at l/e2 : 2 mm.
The threshold is defined by the fluence corresponding to the occurrence of defects> 5tm.
Sites are observed before and after laser exposure using a Differential Interference Contrast microscope, at x 50 magnification. So-called << high-risk >> sites are selected and the critical defects are centred inside the laser maximum fluence zone:
Mode 1 on 1 * a shot at a fluence higher than the estimated threshold, * analysis of the site after laser exposure allows the fluence value of the next site: increase of the fluence there is no damage, decrease if a damage occurred, * this procedure is repeated until the laser threshold damage has been determined : average of the lowest fluence at which a damage occurs and the highest fluence where there is no damage.
Mode N on 1 Table 1 Characterizations performed during the 3 phases of the study
RESULTS -DISCUSSION
This paragraph mentions the results of those characterizations carried out at various stages of the study.
PHASE 1 : MANUFACTURE OF Hf02 SINGLE LAYERS
On the basis of the nominal deposition conditions used in the deposition system, we performed 12 HfO2single-layer deposition runs by changing only one of the following parameters for each test:
. . some layers present a << foggy, pitted >> surface dotted with a large number of small bubbles, . the other single layers present a non-scattering surface with a low defect density (5 to 10 for 0.5 mm).
Furthermore, these defects have very small dimensions (a few .tm).
. The stoichiometry of the layer material was determined using the ESCA analysis method : the measurement of the 0/Hf rate was found to be equal to around 2 and the position of the Hf peak in the ESCA spectrum confirms the Hf02 chemical binding.
. The ESCA and SIMS analyses have shown no change of the chemical composition between the layers and the targets. The other detected impurities are at very low levels. Consequently, the deposition process i s contamination free.
• The single layer scattering was measured by 2 laboratories: the LOSCM and the SMA-IPN LYON. A comparison of these measurements is given in Figure 1 . It must be underlined that the scattering values measured by the SMA-IPN LYON are systematically higher than those obtained by the LOSCM. It is coming from different measurement procedures.
The following points can be underlined:
• layers manufactured from an Hf target are less scattering than those manufactured from the Hf02 target, for the deposition conditions in use;
• this trend is confirmed by LOSCM and SMA-IPN LYON measurements.
• Laser damage threshold
The curves of Figure 2 show that, for the deposition operations carried out from the Hf target, there is a correlation between, the laser damage threshold and, absorption and scattering respectively.
The lower the scattering and absorption, the higher the laser damage threshold.
The highest laser damage thresholds are 10 J/cm2 in the 1-on-I mode and 16 J/cm2 in the N-on-I mode.
This correlation has not been established for the layers manufactured from the Hf02 target.
Finally, the following trends can be underlined:
• to a high ion beam current corresponds less scattering layers,
• to a low oxygen flow rate corresponds less scattering and less absorbing layers,
• those layers manufactured from the Hf target are generally less scattering than those manufactured from the HfO, target. The table of Figure 3 shows the mirror performances. The following points can be noted:
• the surface topology is quite the same for the two targets,
• the mirror samples manufactured from the Hf target are relatively less scattering than those manufactured from the Hf02 target,
• the absorption values are close for the 2 deposition processes.
We have to emphasize that, the laser damage threshold of these mirrors is very high shots at 50 J/cm2 fluences did not damage the mirror samples.
Nevertheless, it can be noticed that the results are scattered for the mirrors made from the HID2 target for which a fluence value of 20 J/cm2 was recorded.
In conclusion, for the mirrors made from the Hf target, the laser damage threshold is very high: shots at 50 J/cm2 did not induce any damage.
Generally speaking, the results are more homogeneous with the Hf metal target.
PHASE 3: MANUFACTURE OF HJO2JSiO1, 0 80 mm MIRRORS
Mirrors with dimensions close to the operational ones were then manufactured. These parts have a 80 mm diameter. The target used is the Hf metal target and the deposition parameters are the same as in phase 2.
The 80 mm dianieter mirrors show a defect density which is quite similar to that observed on the mirror samples of phase 2. Therefore, the good repeatability of the mirror manufacturing process can be underlined.
This low defect density was also brought to light by:
• observations made with the LDT test equipment microscope before exposure,
• a defect mapping carried out on the two 080 mm mirrors by the SMA-IPNL laboratory using a scatterometer scanning a 70 mm diameter surface (Figure 4 ).
Scattering measurement result of 0 80 mm mirror Figure 4 The scattering measured on the 80 mm diameter mirrors with the IPNL scatterometer has an average value of 11 5 ppm over a 70 mm diameter surface.
The first results obtained for the LDT tests performed on the 80mm diameter HfO,JSiO2 mirrors are promising since LDT values higher than 50 J/cm2 were measured in the 1-on-i mode.
In order to assess the sensitivity of these mirrors to surface contamination, a first test was conducted : it consisted in exposing 80mm diameter mirrors to a class 10 000 environment for 4 days. No significant modification of the Laser Damage Threshold was observed (> 50 J/cm2). . to a high ion beam current corresponds less scattering layers, . to a low oxygen flow rate corresponds less scattering and less absorbing layers, . the layers manufactured from the Hf metal target are generally less scattering than those manufactured from the Hf02 target.
Aces
The various characterizations performed on these single layers underlined the following correlation:
the lower the scattering and absorption, the higher the Laser Damage Threshold of these single layers.
The mirrors obtained upon completion of this study on single layers withstand very high laser damage thresholds above 50 J/cm2.
These mirrors are characterized by a very low local defect density and a low absorption and scattering.
It was also demonstrated that these performances are maintained for 80 mm diameter mirrors with dimensions close to the operational ones.
The first tests on environment sensitivity are promising and they show that the laser damage thresholds of the mirrors are not reduced after exposure of these mirrors to a class 10 000 environment for 4 days.
Further tests are planned in order to validate the improvement of mirror resistance to surface contamination. The purpose is to assess the impact of the LMJ system pump down on the mirror performances.
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